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ANNOTATIONS
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Based upon space imagery, th% main regions of the dust storm
in the arid and sub-arid zones and the transfer paths of the dust
materlials are considered. Relatiénship between the dust storms and
synoptic character and composition of the underlying surfaces 1is
analyzed. On the example of the dust storm on the Mediterranean
coast of Africa, the feasibility of studying the dynamics of these
phenomena from: spaceflmagery 1S-§hown The possibilities are con-
sldered of using the method of mlcrophotometry of TV pictures for
the estimation of the structure oﬁ dust storms, The main directions
of the study of dust storms and flows using space 1lmagery are
indicated.

The booklef is 1ntended for d wide circle of specialists in

meteorology, atmospheric physics dnd geograﬁhy.
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VHFQREWORQM_M“W__““_WN_”

More and more attention has ﬂeen devoted recently to the problemn
of studying atmospheric contaminations, both natural and artificial.
The study of such large-scale conﬁaminations as dust storms, which
are typical of arid and sub-arid regions, 1s of particular interest.
In these areas, conditlons are créated that are favorable for the
appearance of such phenomena ag: lextreme dryness and fragmentation
of the surface layer of scil, low?atmOSpheric humidity and strong
winds. The turbulent whirlwinds Qhat are formed raise dust material
{small particles cof the surface layer of soil}, which is then caught
up by wind currents and carried vérious distances. Whenh the wind
Erows stronger, the amount of gust raised into the alr Iincreases and
visibility worsens. Different wiﬁd speeds, depending on the struc-
ture of the surface layer of the éoil, are required in order to raise
and carry the dust. Thus, wind speeds of 10 - 12 meters per second.
are sufficient for the appearance}of dust storms in the Volga region,
for example, where the surface layer consists of very small and
light particles of sandy 1oam-soiﬁ. Sandstorms, for which high wind
speeds (20 - 25 meters per Second) are - necessary, often appear in
the deserts of Africa and Arabia.:

* . ;
Numbers In the margin indicate pagination in the original foreign
text.

{
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The dimensions of dust storm$ vary from hundreds of square

" meters to hundreds and thousands 6f square kilometers.

Medium-scale and large-scale storms, i.e., those that can be
seen from space, are divided by synoptic meteorologists into two
basic types, in accordance with the nature of their origin.

i

The first type includes dust%storms that orlginate during the

passage of a cold front,-and-the-éecond includes storms that originate

in a so-called storm zone, which forms when two barometric pressure
formations of opposite~charge'meeﬁ?vand"one—of“them'increases‘sharply

in intensity.

The dynamics and structure oﬁ'these storms are different. Cold
iront storms pass through a numbeﬁ of stages 1n their developmenﬁ'm_
from the formation of the storm cénter near ground level to the ap-
pearance of a dust cloud at high dltitudes. The cloud 1s the result .
of the dust particles being carriéd upwards by powerful vertical cur-
rents in the area of the stormnjnﬁntnLthe place where cold and warm
alr masses méet), and of this dusé being drawn into high-altitude
atmospheric circulation (at.éltit@des oflup to0. 3 - 5 km). The stornm

front moves as the barometric pressure formatlon moves.

The second type of storm is étationary in nature and encompasses
primarily the layer of alr near the Earth (up to 1.5 - 2 km). The
dust is carried in the form of duﬁt currents that move in the same’

1

direction as the wind current. :
Dust storms have heen studied for a long time, since they do
~great harm to the economy. Both In the U.S.3.R. and abroad, a whole
series of works have been devoted to studylng the nature of dust
storms, thelr frequency and the possibilities for predicting them

[1 =6]. However, because of the;scattered nature of the observa—-—-

tions by different researchers and the sparse network of meteorclogi-

cal stations on whose material they have relied in ftheir works, it .

has not been possible to do a comﬁlete study of the laws governing
the spread of dust storms, to estimate their scale and the routes



along which the dust material is carried, or to determine their
structure. With the development of space ecology [7], a new scien-
~tific trend in the study of the eﬁvironment,_great cpportunities have
opened up for the study of dust Sﬁorms as well. Through the use of
television (TV) pictﬁres transmitﬁed from meteorological artificial
Earth satellites (AES), as well as through the use of photographs
taken from manned spacecraft (MS)?and automatic interplanetary sta-
tions (ALIS), it has been found thét many large scale and medium scale

dust storms are easily visible frqm space and can be studied.

Dust storms and“sandstormS"hévg"beenfdiSUOVEréd'in the global
space pictures received from the RIS Zond-5 and Zond~7 over Africa
and over the Arablan Peninsula [84 9, 101. Dust storms have been
recorded over the coastal region df Iran by the MS Gemini-6 [11].
Using TV pictures from the meteordlogical satellite ESSA-5, American
speciallsts have succeeded in trading a dust - storm over the Atlantice
Ocean off the coast of West Afric% f121].

- Sovlet specialists have alsow%eﬁgrded dust storms in thisg region,
using TV pictures received from th? American meteorological satellite
ESSA-8. Measurements of the aerosbl concentration were made on Earth
at the same time that the picturesrof the dust clouds were received
[13, 147. i

A successful study has been dbne of the structure of dust éur—
rents. in the vieinity of Mesopotamia, with the aid of a microphoto-
metric analysis of a TV picture of' these currents received from the
U.3.(meteorological AES ITOS-1 at the meteoroloéical satellite pic-
ture recelving station of the A. A{ Zhdanov Leningrad State Univer-
sity [15].

The 1list of works devoted to %he study of dust storms by means
of space plectures that has been presented indicates how few such -
works|[there are. | Moreover, thesé;works elucidate only individual
aspects of the phenomenon under cohsideration. Therefore, the

authors have made an attempt o present a broader treatment of the



various aspects of the problem ofistudying dust storms from cuter
space. For this purpose, an analysis has been done of space pie-
tures received in various regions; the connection between dust
storms and the underlying surface:has been examined, and the struc-

ture of these phenomena has been étudied.

1. THE PRINCIPAL REGIONS OF DUST STORMS ACCORDING
TO OBSERVATIONS FROM SPACE

Analysis of the data‘concerning dust storms obtained from space /5
pictures of a number of arid| and Ssemi-arid regions makes it possible
to single out five regions. Thesé'regions are similar with respect
to the nature of the formation, the structure, and the specific
properties of the phenomenon, and;their speclal features will be
examined below. In the case of the first three regions, we shall
describe storms connacted w1th a cold _front, and in the case of the
last two — storms that originate, 1n storm zones.

{

1.1. Central and West Africa. As may be seen from the fragment

of the global space photograph (Figure 1), extremely long-distance
dust currents recorded in the souﬁhern cahara are developed over an
enormous area — in a band that is about 2500 km long and about 600
xm wide (from the Senegal River to Lake Chad). They appeared asla
result of a formation in this area of an enormous air current moving
from the west-southwest to the eaét—northeast. The dust was raised
over the sandy deserts of Mauritaﬂia and Niger, which 1is easily
visible from the bright tone of thHe picture, and from the manner in
which the dust conceals the underlying surface (Figure 1, in which
this region is indicated by means of the dust storm symbol {§/). The
dust-storms are most clearly visiﬁle over dark-colored underlying.
surfaces with a low albedo value, 1n particular over the Adrar des
Iforas Flateau, where the streams of the dust storm are easily .
visible (see also [10]).] '



Figure 1. Dust storms in the Southern Sahara. Pilcture from
the Soviet AIS Zond-5, September 9, 1968

An extremely long distance movement of dust from the western
regions of the Sahara on June 7, 1967 was discovered in TV pictures
received from the meteorological satellite ESSA-5 [12]. The dust
cloud spread over the Atlantic Ocean off the northwest coast of
Africa, over the so-called "Sea of Darkness" — a region in which
dust carried from the western Sahara falls regularly. The dust
cloud, which was discovered in the TV picture by American speeiallsts,
moved toward South America. After the appearance of the dust cloud
off the coast of West Africa, dust that was obviously not of local
origin was discovered some time later off the eastern coast of South
America. Analysis of the TV pictures added substantially to the
other data concerning the dust eloud (the meteorological situation,
the composition and the location of the dust carried), and provided
the most solid grounds for judgments about the possibility of ex-

tremely long distance movement of dust from one continent to another.

RODUCIBILITY OF THE 5
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It has been established that dust;storms in these regions are caused
by strong northeasterly trade winﬁs (for which the local name is
"harmattan"), which blow in the wéstern and central Sahara in the
summer as far as 20° N. lat., and:in the winter as far as 6° N. lat.
A large amount of dust material rises into the air where the har-
mattan meets the colder southwestérly monscon. The masses of dust
drawn. into the atmospheric circulation are carried by the east-north-
casterly wind currents over the cooler west-northwesterly monsoon
current over the Atlantic. ;

!

1.2, The Meditennaneanwcoaaﬁalwnegimn“““Inmthe television pic-

ture shown in Figure 2, we can easily see the area of the dust storm,
which is brighter in tone than thé surrcunding desert; the southern
boundary of the storm, which is called the "storm wall", is more
sharply delineated. The cloud ofiraigedfdhst material extends over
the surface of the Mediterranean éea. The storm originatedﬁﬁuring
the passage of a cocld front conneéted with a low pressure ftrough
stretching toward North Africa from Western Europe, where there was
a deep cyclone at that time. %_d%ta}}ed analysis of the origin and
developiientjof this storm,willwﬁéégfééented in Section 3.

;

Sstorms of this type, which férm on a cold front when cold air
moves into North Africa with cyclénes, are most typilcal of the
African Mediterranean reglons. This very dry and hot wind that car-.
ries clouds of sand and that is formed in front of a cold front of
the so-called "khamsin depression? is called "gibleh" in Libya,
"chili" in Morocco and Algeria, “éhebili" in Tunisia, and "khamsin"
in Egypt [16, 17].

1.3. East Africa. Dust storms are very frequent in the vici-

nity of the northeast Sudan.

—--The plcture shown in Figure 3 1is marked by a somewhat higher .
level of brightness; only in certgin places can elements of the
landscape, with high brightness contrast, be seen through the dust
cloud. The boundaries of the dust cloud are very smooth. The
northern boundary may be identifiéd especlally easlily by the

/7
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Figure 2. Evolution of a dust storm originating
over northern Africa:

a — the dust storm over northern Africa. Frag-
ment of a TV picture from the American AES
ITOS-1, taken on July 16, 1970; b — dust cloud

over the Mediterranean Sea. Fragment of a TV
picture from the American AES ESSA-8, taken on
July 17, 1970.



discharge of the dust
into the southern areas of
the Red Sea. The picture
of the dust cloud 1is
brighter over the surface
of the sea. The northern
edge of this cloud is
brighter, which is ob-
viously connected with an
increase in the concen-
tration of the dust where
the wind current slows
down in the vicinity of
the intratropical con-

vergence zone. Its

northern edge 1is easily

visible over the land Figure 3. Dust storm in the area of
the northeastern Sudan. Fragment of a

because of the curved TV picture from the American AES ITOS-1

"pbar" of the storm. The taken on June 16, 1971:

weather station at Atbara, 1 — area of the storm; 2 — dust cloud
: over the Red Sea; 3 — squall cloud;

north of Khartoum and in § __ the Red Sea: 5 — the Arabian

the center of the storm, peninsula

recorded a dust storm at

that time in which the visibility was 800 meters. The winds in the
center of the storm at wind-vane level were southwesterly, and had

a speed of 10 - 15 meters per second. The storm originated because
a cold northwesterly alr current met a hot southwesterly monsoon
current. Masses of dust were raised over an enormous area encom-—
passing the region of the northeastern Sudan from the Nile River to
the Red Sea. The dust, which was raised by powerful convection cur-
rents, was caught up by a high-altitude air current and carried
across the mountalns to the Red Sea coast, rising to an altitude of /9
3000 meters. At this altitude, a southwesterly current continued to

carry the dust toward the Arablan Peninsula.



1.4, The Arabian Peninsula. Dust storms that form as a result

of contact between two barometric pressure formations of opposite
charge are most typical of this region. Such a storm was recorded
at the meteorological satellite picture receiving station at L.S.U.
(Leningrad State University) (Figure 4). In the fragment of the
television picture, we can
easily see a dust storm in the
area of the Mesopotamian low-
land, from 32° N. lat. down to
and including the Persian Gulf.
It is depicted in the form of
several bands (four are visi-
ble) that are brighter than

the surface of the wvalley.

The continuation of these

bands is most clearly visible
against the dark background

of the waters of the Persian
Gulf,

The storm was caused by Figure 4. Dust storm over Meso-

s Snercsms wh wind e B potamia. TV picture from the

American AES ITO0S-1, taken on July

western periphery of a baro- 17, 1970

metric pressure depression

centered over southern Iran. Intensification of the ridge over the
Mediterranean Sea caused an increase 1in the barometric pressure
gradients there. In the area of the most powerful stream, weather
stations recorded at that time a dust storm with a visibility of

1.5 km, and a wind speed at ground level of up to 20 - 25 meters per
second. According to radiosonde data, the wind increased with alti-
tude, reaching a maximum value (36 meters per second) at an altitude
of 1.5 km. Then the wind speed began to fall off sharply. The
humidity of the air in the area of the storm was about 15%. The
vertical temperature gradients up to an altitude of 1.5 km had
superadiabatic values (greater than 1° C). Obviously, the altitude
of the dust layer was 1.5 - 2 km.

B
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A similar dust storm was observed in this region on August 12,
1968 (Figure 5). In the TV picture (Figure 5a), it 1s visible in

the form of three cone-shaped streams that are expanding as they move

southward, and that are considerably brighter in tone than the sur-
rounding surface. The individual streams of this storm, just as in

Figure 4, begin in the very same areas, which are evidently the most

Figure 5. Television (a) and infrared (b)

pictures of a dust storm in Mesopotamia

from the Soviet AES Kosmos-226, taken on
August 12, 1968:

1 — the sands of Er Rakhab; 3 — elevated
watershed plain; 3 — valleys with thick
plant cover; 4 — flat accumulative low-

land plains

favorable for the formation of storms. In addition, the smaller-
scale structure of the streams themselves 1s easily visible in Fig-
ure 5a. In the area in which they originate, the streams consist of
smaller parallel streams that are 3 - 5 km in size, and that ob-
viously correspond to the centers of the dust whirlwinds. The dust
that 1s raised in the area of these centers 1s first carried in the
form of individual streams for a distance of up to 100 km from the
place where the streams originate to the place where they merge and
form more powerful streams. These streams take the form of swirling
and expanding bands, which is connected with the strong convection
in the layer of air nearest the Earth and the high pulsation of the
wind speed and direction. The total length of the dust storm shown

in Figure 5a is 500 km. The dust storm is also easily visible in

10
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the infrared picture {(Figure 5b),'in which it is also depicted in
the form of three streams, whose 5rightness is equal to that of the
‘Persian Gulf and of the extremely  swampy, wet, colder and lower part

of the Mesopotamian lowland. .
i

According to actinometric data, the radiation temperature in
|

i

these areas was about 15 - 20° C.* In point of fact, the actual sur-
face temperature (corrected) was 15° C higher. The temperature
values obtalned made it possible,iusing high~altitude data concerning
the ccurse of the température, to ,determine the altitude of the dust

{

layer (from 1 to 15 km)y= wr o ron T e e
{
The nature of picture recordéd in Flgure bHa divides the zone of”
“dust turbidity into two different .parts: the northern area, which
is smaller in size and 1in which d@st whirlwinds develop that corre-~
spond to the centers of the dust %torm and that are not oriented
in a plane, and the Guthern arfa, which fs more extenslvée and inl

which dust streams develop that e%tend in the same direction as the

'

prevalling winds. B -

The alr current that picks uﬁ the dust material can carry it
further south. Thus, 1in the fragﬁent of the space color plgture
(Figure 6), bright bands connected with dust turbidity are visible
in the southern part of the Persidn Gulf, where the trade air current
is slowing down because it is meeting a southwesterly monscon current.
The masses of dust picked up by tﬁe trade current are carried through
an enormous corridor, bounded on the north by the mountains of the
" southern edge of Asia Minor and of Irag, and on the south by the 12
plateaus and mountains of Saudil Aﬁabia (Figure 7). The zone in which
the trade current and the monsoonfmeet is deplcted in the picture
(Figure 6) in the form of a dark Gred in the color photograph) band.
Another current, originating in Edst Africa (the band that is-brighter
in tone), is connected with mOnsodn circulation. It 1s especiglly
clearly visible in the southern pért of the Red Sea. This band then
moves into the northeastern part of Arabia, and becomes easily visible’

against the background of the surﬁace of the Persian Gulfl and the

11



Arabian Sea. There it
divides into two parts.
One goes around the
elevation located at the
northeastern extremity of
the Arabian Peninsula from
the north, and the other

goes around from the south.

1.5. The Lower Volga

and the North Caucasus.

Storm zone formations are
typical of these regions.

A storm of this type was
recorded in a TV picture of

-

the lower reaches of the Figure 6. Dust currents over the
Arabian Peninsula. Picture from
the Soviet AIS Zond-7, taken on
13, 1970 (Figure 8). The August 8, 1968

area of the storm to the

Volga River, taken on June

west of the Volga River 1s marked by a brighter spot with blurred
boundaries, which conceal the details of the surface. In certain
places, this spot has a striated structure. The surface encompassed
by the storm, which is centered in the area of the Kalmyk Steppes,
extends from the Tsimlyanskaya Reservoir almost to the Caspian

Sea itself.

The dust storm encompasses an area that is about 450 km long
and about 250 km wilde. This area is located in the dry-steppe zone,
in which there are many flat and rolling elevations, broken up in
places by a network of ravines and gullies, and many watershed plains
with a widely developed cover of loesscid deposits that are poorly
secured by vegetation. These deposits blow away easily, and serve

as the source for the formation of dust storms.

Since the surface details throughout that part of the photo-

graph covering the area west of the Volga cannot be seen very well,

12
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it is obvious that the turbidity

of the atmosphere encompasses a

conslderably greater area., All

the weather staticns located in

I
the area of the storm recorded ;f-
a worsening of visibility to ;i
Y km, and the stations located !
in the center of the storm re-

. . v
corded a worsening of visi- .

s
4

i
|
1,
bility to 4 km. According to ]
data from measurements at vari- |

I
4

!

4
[

4

ocus altitudes, scutheasterly

and southerly winds were ob-~

served up to an altitude of
2 km, and thne maximum wind
speed at an altitude of 1.5 km

reached 13 meters per second.

Figure 7. Map~diagram with dust
_currents over the Arabian Fenin-

~~According to radiosonde LHGWTﬂmrsula, from a space pidture from
data from the Volgograd weather the AIS Zond-7 (see Figure 6):
station, superadiabatic tem- | 7iy— water; 2 — mountains and
erature sradlents wepe obe ‘ plateaus with altitudes of 1.8
P u g km; 3 — areas of the develop-
served up to an altitude of 2 : ment of sand deflation; 4 —
‘ areas of the occurrence of seifs;
km, and above that level there ; 5 — Barkhans; 6 — unoriented
was an 1lsofthermic layer. The i aeolian forms; 7 — intratropil-

cal convergence zonej; 8 —— .
. direction of dust currents; § ~—
maximum speed at an altitude | cloudiness; 10 -— boundary of

! the dust currents

southerly wind reached its @

of 1.8 km. Therefore, it may

be assumed that the dust layer ?

|

extended to an altitude of about 2 km, and was not observed at
ground level. 3

 Actinometric measurements at the Volgograd weather staticn™
revealed the existence of severe atmospheric turbidity at 6:30 p.m.} .

Direct solar radiation decreased by half, as compared with the pre-

vious day, while diffused radiation increased. Since the northern

i
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Figure 8. The Lower Volga Region without a storm at 7:00 a.m.
on June 13, 1970 (a), and with a dust storm at 5:00 p.m. on
June 13, 1970 (b). TV picture from the Soviet AES Meteor-4

boundary of the dust storm in the wvicinity of the Tsimlyanskaya
Reservoir, according to ground-level data, was located 130 km south
of the boundary of the dust cloud recorded in the TV picture (Figure
8b), and according to radiosonde data the dust should not have risen
higher than 2 km, it proved to be possible, using the Stokes formula,
to calculate the size of the particles carried at a speed of 13
meters per second, and to establish that the dust cloud over the
Tsimlyanskaya Reservolr must have consisted of particles no larger
than 25 microns. The storm was caused by an increase in the baro-
metric pressure gradients on the northwestern periphery of the

higher pressure ridge that extended to the regions of the Volga River
and Central Asia. The increase in the barometric pressure gradients
was caused by the movement of a cyclone away into northern Europe,
and the spread of the low pressure trough to the south of the

cyclone.

REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR
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The analysis that has been pfesented of space plectures of dust
storms in arid and sub-arid zones|makes it possible to study more
comprehensively the mechanism of their formation, and to determine

the principal routes along which the dust materlal is carried.

Dust is constantly being carried out of West Africa by trade
wind currents. From North Africaé cyclones draw the dust into their
circulation and carry it great diétances to Western Eurcpe. IFrom
East Africa, the dust raised in tﬁe area of the disturbances arising
on the troplcal front and picked ﬁp by the monsoon current 1s carried
across Arabia to.theqAnabian_Se&v4mmhemA@ab$an~Peﬂinsula in turn is
also an endrmous 'corridor" throﬁgh which masseé}of dust material
are carried by the northwesterly trade currents on the western peri-
phery of the Iranian barometric pressure depre531on

v

2. THE CONNECTION BETWEEN ﬁUST STORMS AND THE DIFFERENT

FORMS OF UNDERLYING SURFACE
!

. |
2.1l. Large scale and medium!scale forms of relief. The direc-

tion in which the dust currents arising during dust storms move cor-

"relates to a conslderable extent #ith the occurrence and nature of

the large forms of relief (large scale relief) that are encountered /16
on the path of the wind currents.? sSpace pilctures, particularly ex-
tremely small scale picfures, that record an instantaneous plecture of
the movement of dust storms along ‘the entire path of their spread

make 1t possible to make a_graphid assessment of this role of large
scale relief. For example, analyéis of global photographs of the
Arabian Peninsula {(see Figure 6) Qhows that the beginning of one of
the two dust currents recorded infthe photo 1s located over the
—eastern part of the Mediterranean :Sea and Asia Minor. Its movement.. .
from that area in a broad band 300 km wide that goes southeastward
over northern Arabla, Irag, and southwestern Iran is easily visible.
.Oﬁe notes a high degree of correspondence in the extent of the current
and of the large forms of relief.  The current moves over the lowest, H
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northern part of the Arabian Penihsula and over the plains of central
and southern Arabia. This direction of the dust current is deter-
mined both by the direction of thé winds and by the extent of the
mountain ranges of Iran (Zagros),éwhich bound it on the north and
nertheast, and of the elevatiens and plateaus of central Arabia,
which bound 1t on the south and w%st. Through this natural corridor,
as if in a wind tunnel, the current moves more than 2000 km, gradu-
ally deviating toward the west.ana flowing around the Tuwayq Moun-
tains. Changing its directicn to%ard the south and scuthwest, the
current moves onward, hemmed in oh the west by the Tuwayq Mountains
and on the south-and~somtheast"byithe"MahrHt“Mountains-and by the
Kathiri elevation. It should be ﬁoted that the elevations of central
Arabia skirted by the current are!considerably lower than the Zagros
Mountains (correspondingly, 650 -.500 meters; infrequently, 1000
meters and 1500 - 4500 meters; onéthe average, about. 3000 meters);
in altitude they exceed by a maximum of 400 - U450 meters.the plains
adjacent to them, over which the‘gﬁ@rent moves .

:

In the socuthern part of theuﬁubl,al Khali Desert, the air cor-
rider narrows, and then it passesgthrcugh the narrow opening between
the Kathiri elevations and througﬁ the Ar Rayyan regicn. It -again
widens in the Rub' al Khaii Deserﬁ, and further south it encounters
an dfographic barrier in the form of the mountains of southwestern
Saudi Arabia (whose watershed ridges exceed 3 km), which cut down

the speed of the air current.

As i8 easily visible in the TV photographs, a similar influence
on the movement of the dust currents 1s exerted by the numerous large
monadnock elevations and stony plateaus that rise among the sandy

and rock-clay plains of North Africa.

Medium size forms of relief (medium scale reliefl) exert a
similar Influence on the movement of the dust currents, although on -
a considerably smaller scale. This can be seen from the example of
local space photographs of a dust storm in Arabia (Figure 9). The
dust current connected with the storm, which originated at the bottom |
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of an intermontane de-
pression, moves eastward
through the wide "gates"
in the wall of the moun-
tain ranges that bound
the basin. Moving out
of the basin onto the
plain, this current
changes its direction
somewhat because of the
action of the wind, and
shifts toward the north.
The elevations (monad-
nocks) that are en-
countered on the path

of the dust current di-
vide it into separate
streams, which is con-
firmed by its striation

in the photographs.

2.2 Aeolian forms

of relief. Traces of

aeolian (wind) accumu-

Figure 9. Dust storm over the deserts
of northwestern Arabia. TV picture
from the Soviet AES Soyuz-9, June, 1970:

1 — center of the dust storm over the
bottom of a wadi containing salt marshes
(Sabkhat Hazawza); 2 — largest streams
of the dust current; 3 — low volcanic
mountains; 4 — valley-type depression
in the Jabal Amud Plateau; 5 — the in-
tensively fragmented Ard es Suwwan
Plateau; 6 — the flat Jabal Amud
Plateau

lation or diverse forms of aeolian relief are easily visible in

space photographs of sufficiently high resolution. The largest

aeolian forms, e.g., the enormous longitudinal dunes, may be distin-

guished in photographs with a resolution of several hundred meters,

while identification of the crescent shape barkhans and small ridges

is possible only in photographs with a resolution of several dozen

meters. Analysis of space photographs, chilefly of photographs from

MS, of various sandy deserts of the world that have been often very

poorly studied has made it possible to acquire a considerably more

precise knowledge of the configuration of the occurrence of aeolian

forms. Comparative study of local photographs of various scales

from MS and of whole fields of these forms, as well as of extremely
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small scale global photographs of;arid and semi-arid regions from

AES or AIS that record large dust; storms and the dust currents con-
nected with them, has made it poséible to discover certain laws
governing the formation of aeoliah relief, whose configuration and
occurrence can serve as an indica#or of the movement of dust-and- /18
sand material. Let us examine.angexample, in order to see the ad-
vantage of such combined use of 1?cal and global space photographs
for studying the interconnection ?etween aeollian relief and dust
currents. The zone of the movemept of the dust currents recorded in
a global space photograph from the AIS Zond-7 (see Figure 6) corre-
sponds to the areas of developmert™ of BUch Targe sand masses as the
Great Nafud, the Little Nafud (Dekhna) and the Rub' al Khali Deserts
(the last being the largest of them). Various types of aeollan
relief, with the predominant type:'beling the ridge relief of the seifs
{longitudinal dunes), are developéd in these deserts in the zZone of
the movement of the currents; the;spread of the seifs to the indi-
vidual regidns of Arabis has been,clarified to a considerable extent
through interpretation of local séace'photographs from MS [18, 19].
The space photographs have shanméhatmthe gelfs in the Ramlat -
Sab'atayn Desert (the scuthern part of the Rub' al Khalil) vary in
length from 3 to 60 km, and in wiath from 1.5 to 4.5 km (with a
helght up to 60 meters or more). !Comparison of the spread of the
seifs® and of the dust wind currents identified in the photograph
from the AIS Zond-7 reveals a high degree of correspondence in their

orientation along the entire path:of the currents (see Figure 7).

The selfs of the Great Nafud Desert (in the Ad Dahna region),
which are oriented in a northwestfto southeast direction, give way
to the seilfs of the Little Nafud ﬁesert (Dekhna), whose direction
gradually changes near the borderiwith the Rub'aal Kahli Desert.
In the Rub' al Khali Desert, the éeifs'are orliented in a north-

. northeast to scuth-southwest dire¢tion (A1l Mikhrad), and then in a

}

*In-order to estimate the orientaticn of the selifs, available maps
[20, 21, 22], which on the whole were rather schematlc, were used;
in the case of certain reglons, space photographs, which provide
more preclise informatlon, were used.



northeast to a southwest direction (Al Kaamlyat, Ramlat Yam, Ramlat
Sab'atayn, etc.). The last traces of aeolian activity on the path
of the air current.are observed in the Ramlat Sab'atayn Desert. In

the space photographs\ from M3, one may easlly see how the seifs come

right up to the mountain ranges that bound the desert on the south
and southwest [19]. The mountain$ of Yemen, whose altitude.gdgé;ggl
to é.O - 3.5 km, serve as an impoftant orographic barrier for ground
level winds in this direction,, Which die down at the foot of these
mountains {(the spurs of the mountgins are about 500 meters higher
than the adjacent desert, while the summits are approximately 1.5 -~
2.5 km higher). -Beoause~@£~the~d£opminwthemwindmspeed, only some

of the seifs, as they rise on theEleping plain,,K go almost right

up to the mountains.

Each seif constitutes a particle of a éingle gigantic system of
seifs, which are formed as a resuit of the constant action of the
winds blowing in stable directioné. The corridor_tﬁfbugh}which the
air current meves is curved becau$e of the orientation ¢f the large
forms of the relief of Arabia andiIran; it 1s determined by the.
deflection ¢f the alr currents, w#ich_leads, during periocds in which

strong winds (simoons) are Drevaiiing, to the fermation of powerful

T
et
o
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dust currents in the form of_gigaﬁtic whirlwinds, of which two are

recorded in the photo (see Figure 6).

The origin of other fypes offaeolian forms that are encountered
in the gzone of movement of the alr currents, but are not oriented in
the same direction as this movement, is primarily connected with a
decrease in the speed of the currént, which 1s caused by the presence
of orographic boundaries (for example, the Aja Mountains which bound
the deserts of the Great Nafud onithe southeast), or with the loca-
tion of the current in a boundary:zone (for example, in the vicinity
of Al Jiwa casis in the eastern part of the Rub' al Khali). Aeolian
‘forms of other types and with other orientations sometimes occur -- -
in these zones, in which the effett of the air current 1s decreased
and in which winds blow in other directicns periodically {(for exam-
ple, in . the Ramlat ibn Swaldan region and the eastern part of the
Rub' al Khali). '

19



Thus, con.the whole, the occcurrence of most of the aeclian forms
1
in the Arabian desert is connected to one extent or anocther with_

the constant air current that is observed over its entire area.

|
i

Analysis of extremely small Scale space photographs has made
it possible to discover the most important, previously unknown laws
governing the distribution of aeolian ridge forms, and to establish
their connection with present dayiair currents. Interpretation of
larger scale space photographs reéeived from MS¥* has made it possible
to £ill out the detalls of the geﬁeral’gicture of the occurrence of
the aeolian formswthat“reflect*th%’naturemvf“thEWmovement of the

b

dust currents.

2.3. Solls of the underlyiné surfacee. Space pilctures record
in a rather detailed manner the s@ructure of the landscape; inter;
pretation of the features of the iandscape makes it possible to
Judge the nature of the soils of @he underlying surface. Analysis
of smaller scale TV piotures.provides relatively more detailed in-
formation about the 1andscapeuand4ucdnsequently,_about the nature of
the soils {24]. Considerably moré detaliled information may be ob-
tained from the original photograéhs from M3 that show 1n a differ-
entlated manner the surface deposits, which vary with respect to
their genesis, lithologic composi@ion, melsture content and the
degree to which they are secured by vegetation [25]. Space pictures
of any scale that depict a dust sﬁorm clearly record the area in.
which it originates. This opens éprgreat opportunities for local-
izing the centers of development éf dust storms, and for discovering
the features of the structure of the landscape, including the soils,

that have an effect on their origin.

A center'gf[the origin of a dust storm is clearly visible in
the space photograph shown in Figure 9. The dust current takes the
form of a whitish, typlecally extended Spot-fhat conceals certain

mn

* ;

See, for example, [23], Chapter 3, Section 4 for data with respect
to analysis of space photographs of geollan forms in the sand mass
of Borig Del. :
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elements of the structure of the landscape. The erosion forms, in
the form of small bedrock monadno?ks that may be seen in the photo-
graph partiaily cutside the zone pf the dust current, are also

shown on topographical maps of this region. The dust current begins
in a broad Valley‘—— on the flat ary bottom that stretches along the
foot of the Ard es Suwwan Plateaume that is filled with clay pro-
luvial (from intermittent watercoﬁrses) deposits. Salt marshes are
developed in the northern parts of the depression. Masses of the
salt, as well as clay particles,; that compose the dry bottom of the
valley.,: have been set into motioniby a local wind current that has
arisen. Such local“salzﬂdustﬂsto#ms_ane_extnemely“typical of an

arid zone in which salt marshes are widespread.

In order to study the structﬁre of dust and sand currents, it
is necessary toc do an amalysis of:the composition of the friable
deposits -and the nature of the soil cover of the regions over which
they are formed. As an example, we shall examine a regional TV pic-
ture of a dust storm that developéd over the - territory of Mego-

potamia (see Figure 4). e

In the picture, the dust storm becomes visible to the southeast
of Lakes Bahr al Milh and Mileh Tﬁartar, where the wind current
increases sharply and picks up large numbers of dust particles from
the loessoid surface deposits. 1

§

In the lowland of the Tié?igfgﬁaiﬁﬁﬁﬁféﬁ?s Rivers, in contrast

to the adjacent deserts of northern Arabla, alluvial deposits that

are friable, very fine, and primafily composed of clay are widespread.

The dried-up bottoms of the intermittent lakes also yield abundant
dust material, but in smaller amounts.

The brightest stream of the dust storm begins in the Az Rakhab

zone ~of unsecured sand, and passes over a comparatively narrow {20.--.

25 km) band that extends from the :northwest to the southeast in the
direction'in which the dust 1s moVing. This Zone consists of

separate masses of dust sand, with a total length of more than 200

21

/20

——



km. The origin of the most powerful and clearly visible (in the TV
picture) stream of the storm is connected with the scattering of the
unsecured sand. The alr streams over the central and northern parts
of the lowland that are smaller in size contain considerably less
suspended material, since they pass over lakes, swamps, kevirs (wet

salt marshes) and relatively better-secursd watershed areas.

What has been set forth makes it possible to conclude that
space pictures that record dust wind formation and the landscapes
over which they develop make it possible to obtfain important indirect
data concerning the compositicn of the deposits that are carried by
the wind, which may be fed by sand, salt, loessoid loam, etec.. Ac-
cording to the data from analysis of the pictures from MS, the most
important sources of the dustiness of the atmosphere are the sandy
deserts of Afrlica and Arabia; seifs whose orientation reflects the
direction of the paths of the dust currents are widespread in these
deserts. Color photogrpahs from MS have revealed significant varia-
tions in color among the underlying surfaces in the reglons in which
dust storms originate. These variations are engendered by the speci-
fie nature of the ccmposition and ercsion of the surface deposits.
In particular, it was precisely by means of photographs From MS : /21
that 1t was discovered that underlying surfaces 1n whose coloring
reddish hues predominate are strikingly wildespread in the deserts of
Africa. In this connection, opportunities have opened up for a com-
parative study of the correlation vetween the cclor variations among
underlying surfaces (on the basis of data from analysis of color
7'§ho£5gfé§£§ of the regions in which dust storms origilnate) and
colored dust precipitaticn in the regions in which it falls (on the

basis of data from ground-level studies).

3. THE DYNAMICS AND STRUCTURE OF DU3T STCORMS

3.1. The evolution of the movement of dust storms. Television

pictures received from the Seviet Meteor meteorclogical satellites,

as well as from the American IT0S series and ESSA-8, make it possible
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not only to find dust storms and to study their structure, but also
fo trace their‘evolution. For example, TV pictures received from
the American satellites ITOS-~1 and ESSA-8 by the L.S.U. receilving
station have been used to trace the origin and development of a dust
sterm over the African coast, and. the subsequent movement of dust
materiagl over the Mediterranean Sea. The TV picture of the northern
African coast from the IT0S-1 satellite at 3:00 p.m. on July 16,
1970 (see Figure 2a), recorded a dust storm whose center was located
300 km east of Tripoli.. A4 bright spot (see Figures 2a, 1) with dif-
fuse boundaries — the area of the storm — 1s easily visible in
this region, along with the "tongue" of the dust cloud, also with
diffuse boundariles, which extends over the surface of the water (see
Figures 2a, 2} and gradually disappears at a distance of 180 km

from the shore.

The heavy cumulus_and cumulopimbus cloudiness in the vicinity
of Tripoli takes the form of a bright band with torn and blurred
edges. This cloudiness extends in a direction perpendicular to the
shoreline over the Jebel Nefusa Plateau (see Pigures 2a, 3). Over
the Mediterranean Sea, the cloudiness continues in the form of two
bands (cirrus clouds) that are less bright in tone, and also have

blurred boundaries, at a distance of 300 km from the shore.

Analysis 6 tho syneptlo sitéabion has shown that on July. 15,
1970, a cyclone (whose center was located at 32° N. lat., and 8° E.
long.) formed south of the Atlas Mountains in the region of the sand
mass of the Great Eastern Erg Desert, on-a diffuse cold front con-
nected with a cyclone located over Western Europe. By 3:00 p.m. oh
July 16, this cyclone had filled up, and its center had moved south-
eastward (its new location was 30° N. lat., and 14° E. long.).

A dust storm originated on the northeastern periphery of the
cyclone in frdnt of the cumulonimbus cloud mass located over the-
Jebel Nefusa Plateau and connected with an occlusion front, at the
point where the cocler northwesterly current and the dry and hot

southerly current met.
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The center of the origin of the dust storm was located in the
accumulative boundary coastal lowland formed by sea and alluvial
deposits. Extensive development of alluvial-proluvial deposits is
a typical feature of the local region, in contrast to the entire belt
of the coastal lowland. The northern edge of the Al Jebel al Garb
Plateau is cut by numerous large wadis (dry valleys), 1n the mouths
of which are located cones from the discharge of intermittent water-
courses; these cones flow together on the coastal plain. The friable
proluvial deposits (from the intermittent watercourses) are full of
dust particles. Salt marshes, whose salt deposits may serve as a
source of dust during the dry period of the year, are widespread in
the leccality under examination. Moreover, the surface deposits are
pocrly conecealed by the plant cover of the steppes that are developed
here and that have turned into deserts. Under conditions in which
the so0il 1s poorly secured by the vegetation, during periods of in-
tensive winds, dust particles are blown from the soil and dust storms

similar to the one recorded in the TV picture originate.

The masses of dust raised from the ground by strcng vertical
streams in the area of the front (the wall of the storm) were picked
up by the southerly current. The sharper southern boundary of the
center of the storm, which is curved along the front, is easily
visible in the picture. The dust cloud that had formed extended over

the surface of the Mediterranean Sea.

At 3:00 p.m. on July 16, the weather station at Misurata re-
corded the presence of dust raised into the air, with & horigzontal
visibility of 3.5 km,

In the TV picture received almost twenty-four hours later, at
11:00 a.m. on July 17, 1970, from the AES ESSA-8 (see Figure 2b, 4),
we can see the dust cloud over the Medlterranean 3ea in the form of
a band (up to 80 km wide) that extends from Cyrenaica (Libya) to-
Greece, and that 1s considerably less bright than the cloudiness
with diffuse boundaries. The dust moved with the southerly current

at a speed of 36 kilometers per hour. By 3:00 p.m. on July 17, the
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band of dust in the TV picture had moved 100 km to the east. At
3:00 p.m. in southern Greece; the presence of dry haze was recorded,
with a horizontal visibility of & km. The synoptic situation at

that time was the follewing. The cyclone that had been located south
of Tripoli had moved eastward and had filled up, but the low pressure
trough that extended from the cenftral regicns of Europe through the
Balkans to North Africa remained; the stable southerly current in
front of the cold front also remained. According to the barometric
pressure topographlcal maps, this current continued up to an alti-~
tude of 5 km.

Thus, with the aid of television victures received from a meteo-
roclogical satellite, it is possible not only to find a dust storm,

but also to trace the sequence of its movement and development.

In addltion, using plctures of the high-altitude dust cloud
that appears as a result of a dust storm, 1t is possible to trace
the path of the movement of the dust material, and to find the areas
on which 1t might be deposited. In particular, as the data show,
dust storms undergoing dally fluctuations (deviations from average /23
values) , with a maximum development time of 14 - 15 hours, develop
and evoclve along with medium.scale meteorological phenomena. In the
process of thelr evolution, dust storms pass through a number cf
stages — from a whirlwind at ground level to the formation of a
dust cloud at high altitudes. TV plctures make it possible to esti-
mate the speed at which the dusgt material is moved, the dimensions
of the dust cloud and the length of time that it exists (in this
case, during a 24-hour period). They alsc make it possible to analyze
more correctly the synoptic situation in regions of which we do not
have a thorcugh meteorclogical knowledge {(deserts and areas of the
sea). On the basis of the sharp boundary of a dust storm along the
line of a front (the wall of the storm), it is possible to determine
more preclsely the position of the cold front near the Earth, and,
on the basis of the boundary of high-altitude dust clouds, it is
possible to determine more preclsely the position of the front and
the direction of the wind at high altitudes.
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3.2, The structure of dust storms. Space plictures of the

Earth provide an ideal basis for studying the structure of dust
storms. Previously, very valuable but extremely scanty data could
be obfained by means of aerial photeography. However, aerial photo-
graphs record only the small elements of the structure of these
formations — the medium scale structure of the individual parts of
a dust storm. Thanks to their incomparably greater field of view,
space pictures have madei;ﬁrpossible for the first time to find out
the features of the large scale structure of dust storms. The field
of view 1n local photographs from MS is relatively small. In Chese
pictures, the stream pattern of a local dust current is clearly
visible in the form of striation (for example, in the photograph

of northwestern Arabia; see Figure 9). There, the division of the
dust current into streams is engendered by the heterogeneity of the
surface relief — by the presence of monadnock elevations along 1its
route. Local photographs‘are less sulitable for studying the struc-
ture of large dust formations, sinece they deplet only fragments of a
dust storm that conceals to one extent or another the elements of
the surface.

TV pilctures, especially global space photographs of the Earth,
record large and even gigantic dust-wind formations, and make it
possible to study the large scale elements of thelr structure. For
example, analysis of a TV picfure over Mesopotamia (see Figure 4},
recelved from an altitude of about 1400 km, showed [15] that the
structure of the dust storm there consisted cof four subparallel
streams. The most powerful of them are marked by the brightest
tones; they extend over a distance of about 600 km, and they are
25 ~ b0 km wide. The other streams, which are less powerful and less
bright in tone, are also smaller in size: the westernmost stream 1s
about 400 xm long and about 20 km wide; the two eastern streams are
.about 500 km long, and 20 - 25 km wide.

Thus, iInterpretation of space pictures has made it possible to
obtalin not only data concerning the dimensions of the elements of the
structure of dust-sand formations, but also)characterlzations of

these formations 1in terms of their brightness in the pictures, which
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may 1ndicate the degree of turbidity of the atmosphere when the /24
turbid layer has a different densif{y. In order to obtaln this data,

a TV picture of the same region taken at the same time of day, but

without a storm, was chosen for each picture of a storm. Identical
profiles were chosen for both plctures, such that they passed thfough
areas with a previously known albedo in the area of the spectrum with

a wavelength A = 0.5 - 0.75 micrcens. In the case of Mesopotamia,

the following areas were chosen: the sea (albedo 6 - 7%), stony

ness (75 - 80%). For the chosen sections of the surface, micro-

photometer recordings were used to calculate theiéxggééé:iglﬁgg;gi
the optical density of the negative plcture, and then characteriza-
tions were drawn up for the curves of the dependence of the albedo

on the density of the picture. The curves showed a rather high
correlation between optical density (the density of the picture —
densitometric data) and the albedo of the surface; therefore, use of
optical densities as a criterion for classifying the natural entities

proeved to be reliable.

Densitometric analysis of the TV picture (of the dust current
over Mesopotamia) made it possiblé to study in greater detall the
structure of the surface. According to the'degreégto which the
albedo of the Persian Gulf increased (that of the Gulf being the
lowest and most constant, as compared to the other surfaces), four
gradations of dust turbidity of the atmosphere were defined: mild —
increasing the albedo by up to 9%; moderate — increasing the albedc
by 9 - 12%; average — by 12 - 18%; and severe — by 18 - 25%. Only
in the last case does dust turbidity completely conceal the surface;
in the other cases, certaliln elements of the landscape show through
the dust clouds, and can be seen in the picture. In the last case,
the albedo of the dust was 25 - 30% (determined by means of the
characterization of the curve). In the other cases, the albedo con-

stitutes a system comprising the surface plus the dust layer. =

Combined analysis of the TV picture (see Figure 4) and the data
from microphotometer recordings made it possible Tto construct s

spatial picture of the distribution among the four gradations of
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the dust turbidity in the region
encompassed by the storm (Figure
10},

of TV pictures, it was possible

Using data from analysis

to trace the smaller-scale struc-—-.

ture of the storm's dust streams
in this region from the Soviet
meteorological satellite Kosmos-
226 (see Figure 5).

Using the method that has
been described, a microphoto-
metric analysis of this negative
picture has also been done.

The microphotometric profile
(Figure 11) intersects two cof the
three large dust bands that are
visually distinguishable in Flg-
ure 5a., Both large scale struc-
tures of the dust cloud are dis-
finguished oh‘fhe profile by two
peaks: the maximum values of
optical density, defined by the
maximum values of their glbédo

(55 - 60%).

SR .2

H
i
i
!
]

Figure 10.

Map-diagram inter-
preting the dust storm over
Mesopctamia on the basis of a
TV picture from the ITO0S-1
meteorological satellite taken
ch July 17, 1970 (see Figure 4):

1 — severe dust turbidity;

2 — average turbidity; 3 —

moderate turbidity; 4 — the

direction of the dust currents;
5 — the dust storms

Relatively smaller elements of the structure of the

dust current'—— three small streams between the two aformentioned

'1érgp ones — are also differentiated on the tasis of the characteri-

zations density of the picture.

In addition, another, smaller dust

/2

stream may be distinguished within the second large northern one.-

The effect of the underlying surface on the density of the picture

of the dust current is clearly visible when comparing the two micro-

photometric profiles (Figurejiﬁ]made from different segqguential TV

pictures — with the storm and without it.

Thus, for example, the

power of the dust current undoubtedly decreases over the valléy of

the Euphrates River, which has an abundant and thick plant cover and
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over which only dust
from other regions
prasses; the albedo of
the dust layer also
drops sharply — 37 -
hhg,

By analyzing the
profiles ftogether with
the picture (see Figure
5), i1t is possible to
conclude that the sec-
tions of the streams
with the highest albedo,
equal to 55 - 60%, are
located over regions in
which solls that are
easlly blown away are
widely developed; these
solils are the largest
sources for replenigﬁf_ﬁ
ing the wind currents

with dust material.

The dust streams
in the TV picture from
the AES Kosmos-226 (see
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Figure 11. Microphotometric profiles of
the TV pictures of Mesopatamia with a
storm (a) on the basis of Figure 5a, and
o without a storm (b):

Elements of the structure of the under-

lying surface: 1 — the poorly secured

sand mass of Er Rakhad; 2 — elevated
watershed plain; 3 — valleys with thick

plant cover; 4 — flat accumulative low-

land plain composed primarily of loam
deposits; 5 — relative depressions in /26
a lowland plain with a somewhat more —_—

dense plant cover

Figure 5) are marked by a higher albedo and sharper boundaries than
the dust streams iIn the picture from the AES IT0S-1 (see Figure 4).

This is perhaps connected with a difference in the condition of the

atmosphere at the time the pictures were taken (degree of stability

of the atmosphere, dirfferent wind profile in the layer of the atmos-

rhere closest to the Earth).

Microphotometric analysis of a TV picture of the storm in the

Lower Volga Region did not make it possible to distinguish bench



mark surfaces with a known
albedc and to construct a
characteristie curve; there-
fore, the alvedo of the dust
was not estimated, and the
Spatial pilcture of the spread
of the dust turbidity in the

atmosphere was viewed in terms

of the change in the density
of the picture (Figure 12}.
This eriterion made it pos-
sible to distinguish two
areas of dust Curbidity. The
first is an area of severe
turbidity, where the optical
density of the picture in-
“creases\by 0.2 ~ 0.35 (visi-
bility decreases to 4 km),
and the surface cannot bve
seen at all. In the second
area, the optical density in-
creases by 0.1 - 0.2 (visi-
bility decreases to T km},
and the surface may be seen.
A comparison was also made
between the change in the
optical density of the TV

picture because of the dust

cloud and the change in the optical thickness of the atmosphere .
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Figure 12. Map-diagram interpret-
ing a dust storm in the Lower
Volga Regilon according to TV plc-
tures from the meteorological
satellite Meteor-4, taken on June

13, 1570:
1 — severe turbidity (visibility
4 km); 2 ~— moderate turbidity

(visibility 7 - 10 km); 3 —
direction of the wind eurrents

>

using actinometric data from the Volgograd weather station. The in-

© prease in Ty from 0.26 (absence of dust) to 0.48 (infiiltration of

dust) corresponded to an increase of 0.25 in the optical density

of the plcture.
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CONCLUSICN

The study of the material dealing with large scale contamina-~
tions of the atmosphere obtained with the ald of space picﬁures has
made 1t possible to bring to light the three most important direc-

Tions 1in the study of this phenomenon:

1. The study of dust storms as a meteorological phenomenon:
the conditions of thelr formation, thelr connection with various
types of underlying surface and forms of large scale relief, the

dynamics and structure of the phenomenon, frequency, etec.

The systematic analysis of space pictures makes 1t possible to
obtain the most comprehensive conception of the spread of gust
clouds. The oppertunity to obtain space plctures regularly, above
all, TV pictures from meteorological AES, opens up good prospects for
studying the dynamics and structure of this phenomenon.

A study of dust storms' connection with the meteorologlcal
situation and with the nature of the underlying surface makes it pos-
sible to produce more successful forecasts of the storms, which might

‘make it possible in the future to prevent this economlcally unfavor—[

able phenomenon.

The use of dust clouds as indicators of alr currents in the at-
mosphere will ensure & more comprehensive study of the nature of
atmospheric clirculation. Amassing statistical material concerning
dust currents will bring to light the principal wind currents injé?ia

and sub-arid zones, as well as thelr seasonal variations,

Space photography makes 1t possible to determine the dimensions
of dust storms and to find out the composition of the dust (on the
basis of data from studies of the centers in which the storms origi-
nate) and the concentration of the dust (on the basis of the nature
of the turbidity). All this opens up good prospects for assessing
the contribution of these natural contaminations to the thermal

balance of the atmosphere.
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2. The study of the formation and structure of aeolian relief
as g function of the origin and development of dust storms, as well
as the study of the different varieties of aeolian relief, their
occurrence and their interrelationships. Desert relief 1s connected
to a considerable extent with the action of dust storms. In parti-
cular, cellular and latticed sand appears in regionsg with poorly de-
fined dust currents that change in direction, and large ridge sand
with the ridges running in the same direction as the current, etec.,
appears in regions with well defined currents that have a constant
direction. This line of research is possible only when combined use
is made of both TV pictures of wind-dust currents and of MS photo-
~graphs of a sufficiently high resolution, in which the various aeoclian
form are differentiated.

3. The study of the geological actlon of dust storms and con-
firmation of the conception of these storms [11 as a powerful geolo-
gical agent (study of the movement of dust over great and very great
distances and, 1in this connection, of the processes and areas oi the

deflation and accumulaticn of dust).

~
NS

Analysis of the various types of space photographs, from global
to local, in which the differentiation of the underlylng surface is
possible, makes 1t possible to localize more thoroughly the regloens
in which dust storms originate, and to study the dependence of their
movement on the large scale relief and on the nature of the under-
lying surface, as well as to study the paths of their movement, the
"yunloading" regions, and their frequency.

Experience In the analysis of space pilctures of dust storms and
currents has shown that the satellites that céan best be applied to
the study of these phenomena are those whose orbits crosé over the
arid zones during the afternoon hours (local time), i.e., during

the period of the maximum development of dust storms.
Analyses of the plctures have made 1t possible to note that

for a more comprehensive study of the Structurenof this phenomenon,

it is important to cbftain simultanecus pictures of dust storms in
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two areas of the spectrum — in visible TV and in infrared. The

infrared plctures should be comparable with the TV pictures with

respect to spatial resolution.

Thus, there remains no doubt that even the small and by no

means complete range of questions connected with the study from space

‘of dust storms that has been examined in this pamphlet shows how

promising is the application of space photography to the study of

this phenomenon.
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